In this paper, we deal with the issue of measuring the Agenda 2030 at the urban level in Italy; the results are useful for the policy analysis and dissemination of sustainable development at the local level. The proposed tool merges 53 available economic, social and environmental elementary indicators into 16 composite indices and one composite dimension representing 16 out of 17 Sustainable Developments Goals (SDGs) adopted by the United Nations in 2015. The contribution of the paper is twofold: While the results of the indices show the geographical and demographic heterogeneity within the country when considering each of the 16 dimensions, the methodological discussion highlights the complexity of the phenomena, due to the multidimensional definition of the Agenda 2030.
Introduction
In August 2017 the Sustainable Development Solutions Network (SDSN) presented in New York the first US City Index on the Sustainable Development Goals (SDGs) at urban level [1] . This index was put beside the Global SDG Index [2] , underlining the specific role of cities. The SDGs recognize that sustainability is a universal goal and that all countries and communities can play an important role in achieving its Agenda. From a global point of view, cities are crucial for the achievement of sustainable development: They are relevant to assess the success or the failure of it, as they host more than half of the whole world's population and they are the main source of carbon emissions.
Using indicators to track progress is an integral part of the SDGs, which are included in an international framework agreed by world leaders in 2015 aiming to end poverty, fight inequalities and stop climate change.
Although important references exist in Italy to monitor sustainability at national level, there are no explicit references to single urban realities. Numerous contributions that evaluate the country's positioning in the field of sustainability are available [3] . They range from the documents and data used to prepare the National Strategy for Sustainable Development (provided by the Ministry of Environment in December 2016), which presents the positioning of Italy compared to 17 SDGs and 169 targets, to the index developed by the UN-SDSN and by the Bertelsmann Foundation. This places Italy at the 29th place on 156 in the world in 2017, after Sweden, Denmark and Finland, but in the queue also to other countries like the Slovak Republic, Hungary and Latvia. In particular, this tool shows for which Goal Italy is far from reaching the target (mainly Goal 14, 12, 13 and 9) , and for which instead the country is on the path toward sustainability (Goal 1, 3, 4, 6, 11) .
Among other contributions, the Organization for Economic Cooperation and Development [4] provides a state of the art for the SDGs in OECD countries, comparing the OECD well-being own framework to the Agenda 2030 and noticing that Italy has reached adequately 11 out of the 17 SDGs.
Despite the importance of understanding the positioning of one country in an international perspective, in order to have a complete picture to be used as a basis for the identification of a system of priorities, it is also important to understand the direction of the change and the speed of the progress towards the SDGs. In this regard [5] underlines the significant progress on some SDGs made by the EU (Goal 3, 7, 11, 12, and 15), but it also reminds that such progress is not sufficient to achieve the Agenda 2030. To better understand the national situation, in 2017 the Italian Alliance for Sustainable Development (ASviS) [6] , established in 2016 to raise awareness and mobilize actions to pursue the SDGs, has stated that Italy is far from sustainability on unemployment, inequality and environmental issues, while it is improving in the fields of education, good health and food security, even if it continues to remain far away from the target for what concerns all these issues. Furthermore, Italy is in delay in the adoption of fundamental strategies relating to energy, climate change and circular economy.
The process to reach targets or to reach the Goals of the Agenda also depends on the different policies adopted and their impacts. At this regard [7] developed a measure of the current well-being and the future sustainability, generating forecasts up to 2030 for 45 different geopolitical areas (individual countries or macro-regions), based on the different hypotheses of policies adopted in a composite indicator (so-called Assessment, Projection and Policy of Sustainable Development Goals, APPS) that depends on a general equilibrium economic model. The results show that Italy stands at the 15th place among the 45 regions considered and, within the European Union, its performance is better only compared to that of the Czech Republic, Spain and Greece.
While the studies that analyse countries in the context of the SDGs are numerous, nationallybut even internationally, with the only exception of the US-there are only a few explicit references to urban realities. Several international organizations have created specific programs to develop and harmonize urban indicators worldwide; these include, among others [8] , the United Nations Centre for Human Settlements (UNCHS), the UN Commission on Sustainable Development, the World Bank, the OECD, the European Environment Agency (EEA), and the World Health Organization (WHO).
Considering the available international sources deep inside [9] we can distinguish a first generation of urban indicators which was set during the 1960s when the World Bank launched the first World Development Indicators Series, aiming at monitoring urban achievement of the international development goals of that time [10, 11] . After that, the Global City Indicators Program (GCIP) was introduced, which enabled cities to measure, report on, and improve their performance and quality of life, to facilitate capacity building, and to share best practices through an easy-to-use web portal. During the latest century, the Cities Data Book (CDB) was formulated by the Asian Development Bank as a comprehensive set of urban indicators able to improve urban management and performance measurement; in the same years, the Global Urban Indicators (GUI) database was established to monitor progress on the implementation of the UN-Habitat Agenda. As social and environmental indicators are concerned, [12] review a series of environmental indicators developed in the last years that were found suitable to be applied at the corporate level for the evaluation of production processes and products. The indicators reviewed in their paper were classified into four main groups: (1) Indicators of Energy and Material Flows; (2) Indicators with a Territorial Dimension;
(3) Indicators of Life-Cycle Assessment; and (4) Indicators of Environmental Risk Assessment. The definition of the environmental impact of economic activities has been gradually integrated with a broader concept, given that "sustainability" has also included social elements. Therefore, [13] and [14] studied the community quality-of-life (QOL) indicators using Human Wellbeing Index (HWI) and Ecosystem Wellbeing Index (EWI) in their research, respectively. Further literature has been developed by following the SDGs, trying to define some SDGs indices [15] .
Currently, there are several indicator frameworks that offer a tool to measure the sustainability of urban realities worldwide: Most, but not all of them, shall apply to European cities, being all scalable and easily enforceable. Among the frameworks, some indices evaluate sustainability on the whole, such as the China Urban Sustainability Index [16] , considering nearly 200 Chinese cities. Alongside in Europe, the Reference Framework for Sustainable Cities (RFSC) assists European cities implementing the 17 SDGs in line with Europe 2020 guidelines [17] . This provides different, more extensive outputs, compared to the previous benchmarks that generally dwell on some specific meanings of the 17 SDGs, normally more confined to unique concerns, such as water, environment, transportation. In this respect, the City Blueprints, based on 24 indicators divided into eight categories, measure water sustainability in a city, with the aim of helping European stakeholders and policy makers define sustainable urban water management. Along the same lines, the European Green City Index analyses the environmental sustainability level of 30 European cities based on various quantitative and qualitative indicators [18] .
Fewer are the sources available at a local level, although when implementing the Agenda 2030 it is particularly important to define the strategies through the alignment of local or regional development plans with the Goals, the targets and the indicators of the Agenda 2030. For example, in October 2018 the Spanish SDSN Network, REDS, launched the SDG Spanish Cities Index, showing the progress of 100 Spanish cities towards the SDGs. [19] set some composite indices of well-being for Italian regions, as well as 110 Italian provinces, using 11 dimensions of well-being associated with 11 composite indices.
Locally adopting the Agenda is much more than reaching the target: in order to build a local strategy there is a need for the design, the sharing and the development of tools that photograph the "implementation status" of the SDGs in the main Italian municipalities; this to help local communities tackle the still unresolved challenges affecting single cities.
With this purpose and deciding to favor the outlined methodological approach, more deeply explained forward, it is unquestionable that no unique system of measurement and correct approach towards sustainability is sufficient to frame policy decisions and problems solutions. In fact, the relevant characteristics of some principal issues, clearly contained, but not specifically ascertainable through the 17 Sustainable Development Goals and their targets, given the numerous representations of them, are difficult to analyze with a perspective being one and only. The problematic nature of this article's reason makes a much higher problematic issue in the use of scientific tones and technocratic expressions. Actually, sustainability assessment implies a set of multi-dimensional indicators that are not influenced nor constrained by policy needs. With various attempts already occurred, there is currently no unanimity over the outcomes of a specific multidimensional system of urban sustainability indicators. The indicators aggregation has constituted a dilemma in previous literature and remains so in the current one, mainly because of the complexity of urban sustainability overall: The factors on which it depends, the way in which they are arranged, their mutual relationship [20] . Considering not only the way in which urban realities constantly evolve, but also the many challenges related to this process, as well as the trade-offs between the different dimensions of sustainable development, for which economic policy instruments naturally tend to neglect environmental and social advancements and vice versa, a multi-dimensional framework would help assess urban sustainability in a more correct form. This, also taking into consideration the comparability issue of these three (four, including the cultural) dimensions, that implies a value dispute when ranking different activities with common-comparative terms. "Measuring sustainability" is, therefore, a process that asks for a set of multi-dimensional indicators, in order to avoid the aggregation-related issues, which could result in preference structures depending on the final aim and user of the measurement. As explained in [21] , the above-mentioned issues can result in preference relations made possible by the existence of trade-offs between criteria, keeping in mind the situation for which some indicators improve while others.
The present work aims not only to fill in the gaps of the above literature, but also to derive the implicit influence of each SDG on sustainability as defined by United Nations, hence as a fulfilment of the 17 SDGs. To do so, first, it identifies the available indicators related to the sustainability level of Italian cities; then, it derives both a composite measure for each SDG and for sustainability as a whole, by means of Spectral Value Decomposition [22] . This paper is organized as follows: Section 2 is dedicated to the description of the composite index; Section 3 explains the main results; Section 4 offers a consistent conclusion of the study. The main sources and graphs are put in the appendix.
Methodological Approach
UN defined sustainability as "meeting the needs of the present without compromising the ability of future generations to meet their own needs." In order to track the achievement of a better and more sustainable future for all, the Assembly introduced 17 SDGs: Their fulfilment could be seen as a way of reaching and measuring sustainability. The composite index structure closer to this definition is the one in which all the SDGs are individually linked to the composite measure.
Given such definition and structure, we evaluate the performance of Italian municipalities in each SDG and identify their implicit influence on sustainability on the basis of 53 elementary indicators. Due to missing values, the initial set of 71 indicators and 111 municipalities was reduced to 53 indicators and 98 municipalities according to the maximum information criterion, i.e., n°indicators times n° municipalities. Structured into 16 out of 17 SDGs; due to comparability reasons, even if some data are available for Goal 14, "Life below water", this Goal is not included in the analysis. The list of the elementary indicators is shown in the Appendix (Table A1) , and Figure 1 graphically represents the composite index structure.
These indices do not measure the sustainability level of Italian urban reality; instead, they measure the Italian municipalities' performance respect to the average. The reason is that only in few indicators a specific UN target (sustainable level) is available, and, on the other side, no unsustainable thresholds exist at all. We stress indeed the following: Since, in a composite index, the distance to the target (upper bound) is rescaled on a 0,1 scale because of the presence of indicators with different units of measure, no rescaled distance based on a single point can be precisely computed. The choice of the lower bound plays indeed a crucial role in determining such distance and cannot depend on the data set-for example the 2.5 percentile [1]-especially when we compare realities that are homogeneous, i.e. cities or regions belonging to the same country, or countries with similar wellbeing level (OECD, etc.). Instead of keeping a few indicators and setting as many lower bounds (a difficult task), we have preferred to retain the whole set of indicators and build a fast, unsupervised composite index on standardized data. Therefore, the scores obtained in each dimension cannot reveal a sustainability level per se, but only a comparison between municipalities' performances in relation to an average value (set to zero by construction).
Data have been merged in two levels: In the first level indicators have been aggregated within each Goal; in the second level, the Goals have been aggregated into the Sustainability Index. The uneven distribution of indicators among Goals (Goal 7, for example, has only one indicator, while Goal 4 has 9) required a re-standardization of the value obtained to balance the Goal's influence on the final index. Indeed, from a probabilistic point of view, Goals with fewer indicators exhibit a higher variance with respect to those formed by several, with a consequently greater influence on the final composite index. Moreover, the high dimensionality of the index has required the check for latent implications, due to the multivariate distribution of data; it is mathematically proved [23, 24] that not only the heterogeneous variance among indicators plays a central role on the aggregated value, but also the degree of correlations among them. With this aim, in order to identify the latent structure of data (see sub Section 2.1), the Spectral Value Decomposition has been applied, clustering both indicators within each Goal and the Goals themselves. The weights attached to the indicators have been set in such a way to better represent the dimensions the data describe, favouring the ones that are statistically independent and, conversely, penalizing those that belong to the same dimension. In this way, a more balanced representation of data is obtained.
Criteria Weighting
Consider a composite index formed by indicators with 1,2, … , that have been previously adjusted according to their polarity. If such indicators have been previously standardized too, their covariance matrix coincides with the correlation matrix (denoted with ). The Spectral Value Decomposition (SVD) allows to rewrite the correlation matrix in the following way:
where is the diagonal matrix of eigenvalues of and matrix of eigenvectors.
SVD is the fundamental step in Principal Component Analysis (PCA) and Factor Analysis (FA). We prefer to use the former term instead of the latter, because, in the context of composite indices, the components or factors are not used directly to compute the synthetic measure: A transformation and/or a rescaling of the eigenvector matrix is required to guarantee a positive direct effect of the elementary indicators on the composite measure.
Although several techniques exist in literature to define weights by means of PCA and FA, there is no consensus on which one is the best to use. The most commonly employed can be found in [25] , more specifically in [26] . However, this approach leads to two severe consequences: First, it could overweigh indicators that are correlated, penalizing those that are independent, leading consequently to an unbalanced composite index. The reason is that the initial weights of the indicators (represented by the proportion of variance explained in each component) are weighted again proportionally to the variance explained by the components. Second, the criterion adopted to retain the number of components (around 85% of total variance should be explained); this could drop components that in theory play a central role in the description of the data or it could retain too many components.
We, hence, followed the approach of [22] : Each component has the same weight and the number of components to retain equals the number of eigenvalues greater than 1 (because data are standardized). Mathematically, the weight vector 1 :
where represents the number of components retained, matrix where 1, … , and 1 vector of ones.
The composite index is, hence, a weighted average of the indicators belonging to it:
(3)
Final Goal's Influence on the Composite Index
In literature [23, 24] the final influence of the -th indicator on a composite index (formed as linear combinations of some criteria) is expressed as the squared correlation between the two: , , .
This allows us to better understand the real importance of a variable in a composite index, catching both the direct (weight/coefficient) and the indirect effect.
Results
According to Equation (4), the overall influence of each SDG on the composite measure is reported in Table 1and graphically represented in Figure 2 . Although SVD technique tends to impose, at least for our data set, higher weights to less influencing Goals (see Figure A1 in Appendix), to better balance the structure of the data, such results highlight a criticality in UN sustainability's definition and measurement.
For this reason, such an index is not valid, per se, but very useful for deriving some additional insights on sustainability. Although in a hypothetical measure of sustainability this issue could be mitigated using non-additive techniques or rearranging the 17 SDGs into different clusters, a political/social dilemma persists: While the Agenda 2030 theoretically recommends looking at each specific Goal, it could paradoxically induce policy makers to enhance quality of education (Goal 4), decent work and economic growth (Goal 8) and gender equality (Goal 5), given the strong interconnection of these Goals with many other Goals too, to the detriment, however, of environmental and wealth inequalities priorities. It is likely that such results represent the Italian political strategy at municipal level, as well as what has recently happened in practice. Indeed, we can all agree that in the past, not only in Italy but worldwide, environmental issues and wealth inequalities have never represented a priority. We are indeed, still in a society that, in an optimistic view, prefers to produce in a greener way and consume greener products, but undoubtedly far from consuming and producing less even in favour of disadvantaged people.
The distribution of the SDGs' influence at municipality level could be considered both as a reflection of the state of the art of Italian municipalities and as a proxy for monitoring the urban strategy towards sustainability; in an ideal path, these values should converge to the same one. Given the importance of looking specifically at the SDGs to better understand the state of the art of the municipalities and their different specificities, rankings for each Goal have been provided (see Table A2 to Table A4 and their graphically representation in Figure A2 to Figure A4 ). It is always important to remember that the Agenda 2030 is a complex program that aims at avoiding trade-offs between the Goals, still recognizing the peculiarities of every single actor and the need of integration between them. One of the points to focus the attention on, once the individual rankings have been obtained, is the high degree of diversification, which strongly-but not surprisingly-indicates the degree of heterogeneity of the Italian municipalities.
From a comparative perspective, Bolzano is at the top of the ranking in the Goals linked to Poverty (Goal 1) and to Sustainable Cities (Goal 11). Milan is the best performer in the SDGs related to Economic growth, Infrastructures and Innovation (Goal 8 and 9); it is on the podium in Goal 6 (clean water and Sanitation), but at the same time it displays the worst result in SDG 10 (economic inequality) and second to last in Goal 15 (life on land). If numerous northern cities, such as Belluno, Venezia and Padova are the best performers respectively in Goal 12 (responsible production and consumption), 13 (climate change) and 7 (clean energy), on the other side Terni and Rome (cities of central Italy) rank at the top in SDG 3 (good health) and 5 (gender equality), and 17 (partnership for the goals) respectively. Finally, Matera and Enna, municipalities in the southern part of the country, are on the top of the ranking in SDG 15 (life on land) and 16 (peace).
Deepening the analysis that concerns the top and bottom municipalities for each Goal, multiple conclusions can be drawn. First of all, not even Trento, which is the most sustainable city as appears from the ranking given by the Composite Index, reaches the full sustainability level in each one the 17 SDG acceptation: In fact, it can be defined as the city showing the greater balance. In the same vein also Bolzano, at the top of the ranking in different Goals, but showing a red-coloured light in Goal 7 (clean energy).
Almost all the municipalities at the top in at least one Goal are northern cities, while the southern ones are placed in the opposite part of the ranking. While the first group is very heterogeneous, in some cases being at the top and in others at the bottom of the ranking, for the second group a marked homogeneity towards the bottom arises: Rarely they can be found at the top of the ranking with positive values above average. The cases of some big cities is emblematic, in that they are placed both at the top of the ranking in one Goal, and at the bottom in another: for example, Rome lies at the top in Goal 5, and at the bottom in Goal 3, Milan is the first one in Goals 8 and 9, and the last one in Goal 10, while Padua is the first one in Goal 12 and the last one in Goal 15. This difference may depend on the complexity of the city itself, which is also evidence of the heterogeneity above mentioned. To give other examples of the trend, Turin is at the top in Goal 2, but does not perform well in Goals 3, 10 and 11; Vercelli and Matera are at the top in Goal 10 and 15, respectively, but do not perform well in Goals 13 and 16. Mantua (at the top in Goal 6), Belluno (12) and Cremona (4) show good performances overall, with few negative performances in the other SDGs. As mentioned before, Bolzano is the leader in Goals 1, 11 and 17, but it is not the first one in all the Goals; similarly, Trento, performing better in some of the Goals, but not being the absolute best performer in all of them.
Speaking of worst performances, the municipality performing the worst as appears from the Composite Index (Catania), is also the worst in two Goals (6 and 8) ; the second to last municipality, Naples, is the worst in one Goal (4) and it performs badly in even 8 Goals (1, 2, 3, 8, 10, 15, 16, 17) ; afterwards, Trapani and Messina are the worst in two Goals (9, 5 and 1, 16 respectively). On the contrary, Crotone, performing badly overall, is the worst municipality in no specific Goal, which happens instead to Benevento, Taranto and Caltanissetta.
To conclude, the fact that Viterbo, Pesaro and Reggio nell'Emilia are the worst in Goals 13, 12, and 11, respectively, does not place them at the bottom of the overall ranking.
All that said, these results confirm the complex picture and the need of tools to help the coordination and the intersection between policies, sectors and stakeholders, in order to find innovative solutions to the challenges sustainable development addresses to.
Discussion and Conclusions
Defining and measuring sustainability is a complex issue, especially when we attempt to link numbers to the intrinsic value of the Agenda 2030. The complexity could in part be mitigated using non-additive approaches or rearranging the 17 SDGs into the (three) traditional dimensions of sustainability or using different clustering approaches (for example item analysis, multidimensional scaling, ordination methods, cluster analysis) even if a second issue of how weighting such clusters arise; moreover, in these ways, we alter the real trade-offs among goals. We opted instead for keeping the Assembly definition of sustainability, applying SVD approach (able not only to cluster the 16 analyzed goals into four latent dimensions, but to weigh them too, according to the variance explained by them in each dimension) and highlighting some implications that may arise even keeping the Goals distinct.
Comparing this research to the others above-mentioned, it is to be stressed that, unlike several urban indicators improved, which give emphasis to some specific aspects of sustainability, the index for Italian municipalities considers sustainability as a whole, as defined by the UN, and, for this reason, follows in the attempt of seeking the fulfilment of all 17 SDGs at the same time, without favouring some issues (normally environmental and economic aspects) at the expense of some others (normally social data).
Against this background, the City Blueprints gives priority to the sustainability level of cities as water is concerned, and the European Green City Index places the environment as its core. The Reference Framework for Sustainable Cities itself, even if closer to the Italian index with regard to the overall vision and scope-that is to guide cities in their path towards sustainability-ends up subsuming the study into five dimensions/priorities policy makers are asked to choose: Spatial dimension, governance dimension, social dimension, economical dimension, environmental dimension. Undoubtedly, within all the sub-groups, the key points of the 2030 Agenda are easily recognisable, sometimes in the form of the literal SDG reference (for example, in the case of the environmental dimension, "Climate change"). Moreover, the Urban Sustainability Index published by the Urban China Initiative, developing an analysis of the sustainability shifts across Chinese cities, provides an indicator-based assessment grouped into four categories: Economy, environment, society and resources.
The idea of sustainability which is closer to the one adopted in the Italian experience, allencompassing and even-handed in its contexts, is assumed in the SDSN Spanish City Index, in turn, inspired by the US City Index. The US Cities Index, following the SDSN methodological approach, ranks 100 cities according to 44 indicators on 15 of the 17 Sustainable Development Goals. Each indicator is scaled from 0 (worst score) to 100 (best score), with an arithmetic mean that is used to aggregate indicators within each SDG. The ranking of cities that accordingly derives is able to give an overall state of the art of the sustainability level of the cities matter of the study.
Sustainability, indeed, remains a political/social dilemma: While the Agenda 2030 theoretically recommends looking at each specific Goal, it could paradoxically induce policy makers (pushed by society) to enhance quality of education (Goal 4), decent work and economic growth (Goal 8) and gender equality (Goal 5), given the strong interconnection of these Goals to many other Goals too, to the detriment, however, of environmental and wealth inequalities priorities. Data, environmental problems and wealth inequalities we have faced in Italy during the last years seem to be aligned, confirming that they were not a political priority. We are still in a society that, in an optimistic view, prefers to produce in a greener way and consume greener products, but undoubtedly far from consuming and producing less.
Again, theories and methods could help: The distribution of the SDGs' influence at municipality level could be considered both as a reflection of the state of the art of Italian municipalities and as a proxy for monitoring the urban strategy towards sustainability (when data will be available at a regular time step).
Regarding the results, this paper offers the readers a list of SDGs indices for Italian municipalities. The results confirm in many cases the rift between the North and the South of the Country, but they highlight that a city could perform virtuously in some Goals, but still be in delay in others. Another important point that arises from the single SDG rankings is the high degree of diversification, which strongly-but not surprisingly-indicates the grade of heterogeneity of the Italian municipalities.
Also, given the Italian territorial structure, made of the regional and the further division for macro areas-that of North, Centre and South of the peninsula, further analysis can be made on this base. Therefore, the municipalities analysed in this paper could be clustered at a broader level, considering an adaption of the methodological approach with this scope, and, as a consequence, a specific proposal to weight such clusters. A consideration, based on regions or macro areas, could be improved starting from the results of the SDGs City Index, which underline a more heterogeneity of the northern cities-almost all of which were at the top in at least one Goal, while others placed low in the ranking. Southern cities tended to be more homogeneous, with of them tending towards the bottom of the ranking.
Finally, from the technical perspective, future studies and developments can be devoted to the role of time in the index analyses. Further future prospects could be related to the definition of the targets and their impact on the synthetic index. Another approach, that does not depend on them, could change the results in a more balanced index. 
